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ABSTRACT 

I n  view of engineer ing d i f f i c u l t i e s ,  t h e  requi rement  

that ALSEP ope ra t e  s u c c e s s f u l l y  even when thermal -cont ro l  s u r f a c e s  

a r e  100 percent  " d u s t "  covered i s  reviewed. Recent evidence 

i n d i c a t e s  t h a t  l u n a r  dus t  i s  less  cohesive,  t h u s  l e s s  of a p o t e n t i a l  

problem, than  o r i g i n a l l y  be l i eved .  Since u n c e r t a i n t i e s  s t i l l  e x i s t ,  

however, only a pa r t i a l  r e l a x a t i o n  of  t h e  s p e c i f i c a t i o n  i s  recorn- 

mended and only f o r  "hardship" cases .  

f irst ,  v e r t i c a l  and then  o the r  non-horizontal  s u r f a c e s  be cons i -  

dered d u s t  f r e e .  Hor izonta l  su r f aces  should  r e t a i n  a 100 pe rcen t  

dus t  cover s p e c i f i c a t i o n .  

The recommendation i s  that ,  

Opera t iona l  methods of reducing t h e  problem are  conceived. 

They inc lude :  supplying t h e  a s t r o n a u t s  p i t h  a "dus t -c lo th ,  

i ng  ALSEP i n  a n  a r e a  which has  been s 

descent  plume and/or which i s  away fr& t h e  a s c e n t  plume impinge- 

deploy- - 

t c l e a n  of dus t  by t h e  
x 
5 

ment area, and u t i l i z i n g  luna r  topogr&phic shadowing t o  s h i e l d  

ALSEP a g a i n s t  t h e  LM ascen t  engine blast .  
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Revis ion:  Lunar Dust - Case 340 

FROM: N. W. Hinners  

MEMORANDUM FOR FILE 

I. I n t r o d u c t i o n  

The c u r r e n t  environmental  s p e c i f i c a t i o n  f o r  t h e  Apollo 
Lunar Sur face  Experiments Package (ALSEP) c a l l s  for s a t i s f a c t o r y  
o p e r a t i o n  of t h e  package on t h e  l u n a r  s u r f a c e  even when e x t e r i o r  
s u r f a c e s  and t h e  components are completely covered with l u n a r  
s u r f a c e  mater ia l  o r  "dus t . "  A s  one might suspec t ,  t h i s  p r e s e n t s  
a d i f f i c u l t  t h e r m a l  c o n t r o l  problem for c e r t a i n  components ( e . g . ,  
t h e  p a s s i v e  seismology experiment) .  
r e p o r t s  t ha t  Surveyor I has given no i n d i c a t i o n  of l u n a r  d u s t ,  
t h i s  has l e d  to a d e s i r e  to r e -eva lua te  t h e  environmental  spec i -  
f i c a t i o n  i n  t h e  hopes t h a t  i t  may be relaxed and t h u s  r e l i e v e  
some of t h e  engineer ing  problems. 

Combined wi th  Tecent press 

I n  t h i s  memorandum, t h e r e f o r e ,  I sha l l :  state t h e  s i t u a -  
t i o n s  which p r e s e n t  a p o t e n t i a l  d u s t  hazard;  s p e c i f y  the  o r i g i n a l  
r e a s o n s  f o r  suspec t ing  a d u s t  problem; examine new evidence f o r  
o r  a g a i n s t  t h e  presence of h ighly  cohesive d u s t ;  draw conclus ions  
as to whether or not t o  r e l a x  t h e  s p e c i f i c a t i o n ;  and f i n a l l y ,  
p r e s e n t  o p e r a t i o n a l  modes of reducing any p o t e n t i a l  hazard.  

11. P o t e n t i a l  Dust Hazard  S i t u a t i o n s  

It i s  u s e f u l  to examine t h e  d i f f e r e n t  ways i n  which 
d u s t  may come i n t o  con tac t  w i t h  ALSEP, f o r ,  w h i l e  each p r e s e n t s  
a common problem, each warran ts  a d i f f epen t  s o l u t i o n .  

F i r s t ,  du r ing  the  deployment process ,  t h e  a s t r o n a u t (  s )  
c a r r i e s  the ALSEP from t h e  LM s t o r a g e  compartment t o  t h e  deploy- 
ment s i t e  some 300 fee t  from t h e  l and ing  p o i n t .  
a n  a s t r o n a u t  may e i t h e r  drop o r  t i p  t h e  ALSEP components ( t h e  
ALSEP s p e c i f i c a t i o n  ca l l s  for s u r v i v a l  of a drop shock)  a t  which 
t i m e  t h e r m a l  c o n t r o l  s u r f a c e s  come i n t o  con tac t  wi th  t he  s o i l .  
Secondly,  i t  i s  p o s s i b l e  that t h e  LM a s c e n t  engine exhaust  plume 
w i l l  e n t r a i n  su r face  d u s t ,  some of which w i l l  t h e n  impinge on 
t h e  ALSEP. Las t ly ,  one must consider  t h e  p o s s i b i l i t y  t h a t  d u s t  
w i l l  come i n t o  con tac t  with ALSEP a f t e r  a s t r o n a u t  depa r tu re  and 
d u r i n g  t h e  1 2  months of opera t iona l  l i f e t i m e .  

During deployment 
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111. O r i g i n a l  Reasand fr-r .  S p e c i f i c a t i o n  

The o r ig i r i a l  s p e c i f i c a t i o n  of 100 pe rcen t  d u s t  cover  of 
e x t e r n a l  s u r f a c e s  was put  i n  for t h e  r eason  t h a t  t h e  l u n a r  su r -  
f a c e  was be l i eved  t o  be iovered to some unknown depth (estimates 
ranged from cen t ime te r s  t o  k i l o m e t e r s )  w i t h  small p a r t i c l e s  
which might be h igh ly  cohesive.  Placed i n  motion e i t h e r  by 
e l e c t r o s t a t i c  lev i ta t io i -1  o r  as secondary meteoroid e j e c t a  such 
material could p o t e n t i a l l y  s t i c k  t o  thermal  c o n t r o l  su r f aces ,  
t h u s  unfavorably a l t e r i n g  t h e  a b s o r p t i o n  and emiss ion  p r o p e r t i e s .  

B e l i e f  i n  small s u r f a c e  p a r t i c l e s  was occasioned p r i -  
m a r i l y  by t h e  theory  t h a t  t h e  cons t an t  meteoroid bombardment 
must be p u l v e r i z i n g  t h e  l u n a r  s u r f a c e  material ( r e f .  1) and 
from a n a l y s i s  of t h e  l u n a r  photometr ic  f u n c t i o n  and p o l a r i z a t i o n  
( r e f .  2 ) .  The  thought  t h a t  small p a r t i c l e s  would be  h igh ly  
cohes ive  i s  a n  outgrowth of t h e  fo l lowing  c o n s i d e r a t i o n s :  

1. The verji low l u n a r  atmosphere, combined w i t h  a h i g h  
s u r f a c e  uv f l u x ,  might r e s u l t  i n  "clean" s u r f a c e s  
with e x c e l l e n t  bond'ing q u a l i t i e s ;  

2 .  Small p a r t i c l e s  h a v e  a l a r g e  s u r f a c e  t o  mass r a t i o  
i n  which case  su r face  f o r c e s  become impor tan t ;  and 

3. Analys is  of t h e  photometric f u n c t i o n  i n d i c a t e s  t h a t  
the  l u n a r  s u r f a c e  might be composed of small 
p a r t i c l e s  forming a bu lk  material  of h igh  (-80%) 
p o r o s i t y .  P a r t i c l e s  suppor t ing  such a n  open 
s t r .uc ture  must possess  a h igh  degree .of cohesion.  

I V .  N e w  Informat ion  

New informat ion  bear ing  on t h e  pr.oblem comes from the  
U . S .  s p a c e c r a f t  Rangers VII, V I I I ,  I X ,  Surveyor I, O r b i t e r  I, 
t h e  U.S.S.R. s p a c e c r a f t  Lunas 9 and 10, and f u r t h e r  l a b b r a t o r y  
work. I 

I 

Photographs from the Rangers and Orbiter. and t h e  , .  meteoroid flux measurements of  Luna 10  s t r o n g l y  suppor t  t h e ,  
b e l i e f  t h a t  the l u n a r  su r face  topography i s  dominated by impact 
f e a t u r e s .  Analyses of c r a t e r  counts  and of c r a t e r  morphology,.  
even a l lowing  f o r  measurement e r r o r s  and d i f f e r e n c e s  i n  
d e t a i l e d  i n t e r p r e t a t i o n ,  i n d i c a t e  tha t  t h e  s u r f a c e  has been ' 

( r e f s .  3 and 4 ) .  

. 
4 
4 

.- I 

I gardened" to a minimum depth  of many tens of c e n t i m e t e r s  I f  
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Surveyor I and Luna 9 p i c t u r e s  are c o n s i s t e n t  with t h e  
above and supply the a d d i t i o n a l  i n fo rma t ion  t h a t  t h e  average  
p a r t i c l e  s i z e  i s  small. G a u l t ,  Quaide, and Oberbeck ( r e f .  5 )  
r e p o r t  tha t  i n  the Luna 9 area t h e  predominant g r a i n  s i z e  i s  
l e s s  t h a n  a f e w  mi l l ime te r s .  Pre l iminary  r e s u l t s  from a n a l y s i s  
of t h e  Surveyor miss ion  ( r e f .  6 )  i n d i c a t e  a b a s i c  g r a i n  s i z e ' '  
l e s s  t h a n  0.5 mm. We might add  t h a t  any s e n s i b l e  s i z e  d i s t r i -  
b i t i o n  would i n c l u d e  t h e  presence of abundant p a r t i c l e s  down t o  
some t e n s  of microns i n  diameter-, c o n s i s t e n t  w i t h  photometr ic  
i n t e r p r e t a t i o n s .  

I'  

Concerning cohesion of t h e  s u r f a c e  mateyial, Gaul t  and 
eo-workers a t  Ames Research Center  have long  ( > o n e  y e a r )  ( r e f .  7 )  
maintained t h a t  t h e  c r a t e r  shapes observed i n  h i g h  r e s o l u t i o n  
Ranger l u n a r  photographs were i n d i c a t i v e  of impacts  i n t o  weakly 
cohes ive  or non-cohesive p a r t i c u l a t e  mater ia l .  T h e i r  c o n j e c t u r e  
was based upon l a b o r a t o r y  s imula t ion  of l u n a r  c r a t e r i n g  i n t o  
v a r i o u s  s o i l s .  Recent a n a l y s i s  of c r a t e r s  i n  Luna 9 p i c t u r e s ,  
a g a i n  based upon t h e  l a b o r a t o r y  work of G a u l t ,  e t  a l ,  ( r e f .  5 )  
e n a b l e s  one to make a y e t  more convincing argument f o r  low or 
non-exis ten t  cohesion.  Fur ther ,  t he  pre l iminary  Surveyor r e p o r t  
i n d i c a t e s  that  t he  g r a n u l a r  material posses ses  "a d i s t i n c t  bu t  
small amount of cohesion."  T h a t  cohesion h a s  been estimated t o  
be between 1 x 103 and 4 x lo3 dynes/cm2. It may be noteworthy 
t h a t  t h e  p i c t u r e  of' t h e  footpad which moved i n t o  the s o i l  shows 
no obvious s o i l  coa t ing .  Remember, however, t h a t  i t  i s  no t  c l e a r  
that  we see t h e  s i g n i f i c a n t  s u r f a c e s .  

One outs tanding  f e a t u r e  of  both the  Luna 9 and Surveyor I 
photographs i s  t h a t  t h e r e  i s  no evidence f o r  t h e  highly porous, 
t h u s  cohesive,  " f a i r y  c a s t l e "  s t r u c t u r e  implied by a n a l y s t s  of 
the  photometr ic  f u n c t i o n .  If i t  ex is t s ,  i t  i s  below t h e  r e s o l u -  
t i o n  of bo th  Luna 9 and Surveyor I camera s y s t e m s .  
t h e  work of Gault  e t  a1 ( r e f .  5 )  on the  Luna 9 photographs,  
a n a l y s i s  of the motion of t h e  Surveyor footpad  ( r e f .  6 ) ,  i n t e r -  
p r e t a t i o n  of radar r e f l e c t i o n s  ( r e f .  8 )  and t h e o r e t i c a l  cons i -  
d e r a t i o n s  ( r e f .  9) a l s o  lead t o  t he  conclus ion  t h a t  a t  l eas t  t h e  
subsur face  material i s  not  h ighly  porous.  A p o r o s i t y  i n  t h e  
range of 30% t o  50$ i n  a weakly cohesive or non-cohesive g r a n u l a r  
medium would be c o n s i s t e n t  with a l l  the  aforementioned r e f e r e n c e s .  
Any extremely porous material w i t h  c o n c o m i t a n t  high cohesion, 
must be l i m i t e d  t o  t h e  upper f e w  mil l imeters  a t  bes t ,  

Fu r the r ,  

Arguments f o r  s t rong  cohesion which are  based upon 
a n a l y s i s  of the photometr ic  f u n c t i o n  are weakened by r e c e n t  work 
of Oetking ( r e f .  10). 
i n  l u n a r  b r i g h t n e s s  a t  zero phase a n g l e  may be ''common t o  most 
subs tances ' '  rather than  p e c u l i a r  t o  t h e  moon. 

Oetking contends t h a t  t he  great i n c r e a s e  

H e  a t t r i b u t e s  
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e r r o r s  i n  prev ious  work to i n s t r u m e n t a l  problems. Hapke, a 
s t r o n g  proponent of t h e  " f a i r y  c a s t l e "  s t r u c t u r e ,  o r i g i n a l l y  
doubted the v a l i d i t y  of Oe tk ing ' s  work bu t  h a s  s i n c e  been 
rl persuaded of t h e  r e a l i t y  of t h e  phenomenon" ( r e f .  11). 

be s a i d  

1. 

2. 

3. 

4. 

5. 

or n o t .  

The last source of new in fo rma t ion  concerns the 
p o s s i b l e  occurrence of dus t  on th.e Surveyor I. According t o  
Mr. W .  A.  Hagemeyer, Jr. of JPL, i n  charge of thermal a n a l y s i s  
( p e r s o n a l  communication, September 2, 1966), the fo l lowing  can 

about t he  Surveyor r e su l t s :  

Th.erma1 a n a l y s i s  of t empera tu res  du r ing  two l u n a r  
days g i v e s  no i n d i c a t i o n  of a d u s t  coa t ing .  

P a r t i c l e s ,  or aggrega te s  of p a r t i c l e s ,  up to 1/10 
of a n  i n c h  i n  diameter have been observed on t h e  
covers  of t h e  e l e c t r o n i c s  compartments. They 
appear  t o  cover t o  the  order  of one pe rcen t  of t h e  
t o p  su r face .  

The p a r t i c l e s  mentioned above were seen  i n  p i c t u r e s  
t aken  on both  lunar  days.  It appea r s  that  some 
which were p resen t  on d a y  1 are no t  p r e s e n t  on 
day 2 and v i c e  versa .  

T h e r e  i s  reasonable  c e r t a i n t y  that  the shat tered 
mi r ro r  on t h e  thermal c o n t r o l  s u r f a c e  of t h e  
e l e c t r o n i c s  compartment d i d  not  shatter b e f o r e  
the f i r s t  luna r  n igh t  exposure,  t h u s  r u l i n g  out  
f ragments  of m i r r o r  as an  exp lana t ion  f o r  a l l  
t h e  p a r t i c l e s  observed. 

Laboratory tes ts  i n  which sand i s  placed on t h e  
thermal s u r f a c e  and t h e n  photographed (TV)  y i e l d s  
r e s u l t s  similar t o  t h o s e  obtained on Surveyor I. 

Poin t  1 i n d i c a t e s  that  if s u r f a c e  material, v i s i b l e  
was adher ing  t o  Surveyor i t  was too low i n  amount t o  

a f f e c t - i t  thermal ly .  

All considered,  we are warranted a t  t h i s  t i m e  i n  con- 
c lud ing  that l u n a r  s u r f a c e  material i s  g ranu la r ,  predominantly 
sub-mi l l imeter  i n  s i z e ,  weakly cohesive t o  non-cohesive, and 
n o t  h.ighly porous beneath o p t i c a l  dep ths .  

I n  view of remaining u n c e r t a i n t i e s ,  t o  be d i scussed  

If d u s t  i s  going t o  p r e s e n t  a problem, it i s  

be low, i t  would be prudent not t o  re lax  the  ALSEP 100% dust 
cover  s p e c i f i c a t i o n  completely. A p a r t i a l  r e l a x a t i o n  i s  there-  
f o r e  suggested.  
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more a p t  t o  s e t t l e  on and adhere to h o r i z o n t a l  r a t h e r  t h a n  v e r t i c a l  
o r  non-hor izonta l  s u r f a c e s .  Thus, if i t  i s  necessary, i n  "hardship" 
s i t u a t i o n s ,  t o  r e l a x  t h e  s p e c i f i c a t i o n ,  as a f i r s t  s t e p  it  i s  
recommended that i t  be changed t o ,  "no dus t  covering f o r  v e r t i c a l  
and o the r  non-hor izonta l  s u r f a c e s , "  i n  tha t  order ,  and that  t h e  
h o r i z o n t a l  su r f ace  s p e c i f i c a t i o n  remain,  "100% dus t  covered. I1  

V. ALSEP Cons idera t ions  

The ALSEP environmental  exposure d i f f e r s  from t h a t  of 
Surveyor i n  a t  l e a s t  t h r e e  ways. The a s t r o n a u t  emplaces t h e  ALSEP - 
t h e  ALSEP i s  s u b j e c t  t o  t h e  a scen t  plume - and i t s  l i f e  i s  longe r .  

Since t h e  a s t ronau t  i s  p r e s e n t ,  t h e  i n i t i a l  cond i t ion  of 
t h e  ALSEP can be c l ean .  Since t h e  s u r f a c e  m a t e r i a l  i s  be l ieved  t o  
be a t  b e s t  weakly cohesive it may be q u i t e  f e a s i b l e  t o  equip t h e  
a s t r o n a u t s  with a "dus t -c lo th"  ( c a r e f u l l y  chosen s o  as  not t o  
gene ra t e  s t a t i c  e l e c t r i c i t y )  a t  a n e g l i g i b l e  weight pena l ty .  

Secondly,  t h e  ascent  engine blast i s  an e n t i r e l y  r e a -  
sonable  source of dus t  and d e b r i s .  Since t h e  p o s s i b i l i t y  of d u s t  
impingement dur ing  a s c e n t  i s  enhanced by t h e  presence of small, 
weakly cohesive g r a n u l a r  m a t e r i a l ,  c e r t a i n  o p e r a t i o n a l  p recau t ions  
a r e  warranted.  One c o n s i s t s  of deploying t h e  ALSEP, i f  p o s s i b l e ,  
a t  a spot  away f r o m  t h e  planned a s c e n t  ground t r a c e  and plume. 
Another p o s s i b i l i t y  i s  t o  sh i e ld  s e n s i t i v e  ins t ruments  f rom 
a s c e n t  impingement. Dust covers o r  n a t u r a l  b a r r i e r s  a r e  poten-  
t i a l l y  h e l p f u l  i n  c r e a t i n g  such shadow areas. For example, 
c r a t e r s  and r i d g e s  may provide a topographic  d i f f e r e n c e  of s e v e r a l  
t e n s  of f e e t  i n  e l e v a t i o n  between t h e  LM and ALSEP. 

L a s t l y ,  consider  t h e  one year  ' fpass ive"  phase.  The low 
cohesion,  b o l s t e r e d  by t h e  Surveyor r e s u l t s ,  i n d i c a t i n g  no thermal  
degrada t ion  a f t e r  t w o  l u n a r  days ,  l e a d s  one to suspect  t h a t  a 6~ 
i n c r e a s e  i n  exposure would not  g r e a t l y  a l te r  t h e  conclusions,  a l l  
e l s e  being equal .  T h i s  g ives  some confidence t h a t  ALSEP w i l l  
experience l i t t l e  thermal  degrada t ion  over 1 2  l u n a r  d a y s  i f  i t  
su rv ives  deployment and LM ascent  i n  a "c lean"  s t a t e .  

V I .  Summary 

A review of cur ren t  knowledge of t h e  l u n a r  s u r f a c e  
i n d i c a t e s  t h a t  t h e  bulk sur face  m a t e r i a l  i s  a f i n e  gra ined  ( s u b -  
m i l l i m e t e r )  g ranu la r  medium with normal p o r o s i t y  (N 30-50$) and 
low cohesion. I n  consider ing t h e  p o t e n t i a l  hazard of such 
material r e l a t i v e  to thermal  c o n t r o l  s u r f a c e s  on ALSEP, it i s  

i 
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concluded t h a t  t h e  requirement  t h a t  t h e  components ope ra t e  whi le  
lo@ covered wi th  l u n a r  dus t  may be p a r t i a l l y  r e l axed ,  for "hard- 
sh ip"  cases ,  t o  t h e  po in t  of r e q u i r i n g  t h a t  only h o r i z o n t a l  
su r f aces  be s o  covered and t h a t  f irst  v e r t i c a l  and then  o t h e r  
non-horizontal  s u r f a c e s  be considered c l ean .  I n  order  t o  enhance 
t h e  chances of no hazard,  t he  fo l lowing  are recommended: 

1. The a s t r o n a u t s  should be equipped wi th  a l i g h t w e i g h t  
"dus t - c lo th"  t o  c l ean  off l u n a r  s o i l  i n a d v e r t e n t l y  
placed on t h e  ALSEP. 

2. A l u n a r  s u r f a c e  s i t e  survey should be conducted p r i o r  
t o  ALSEP deployment wi th  t h e  i n t e n t  of f i n d i n g  a spo t  
which has  been swept c l e a n  of "dus t"  by t h e  descent  
plume and/or which w i l l  be c l e a r  of t h e  a scen t  engine 
plume impingement. 

3. During a s i t e  survey, cons ide ra t ion - shou ld  be g iven  
t o  t h e  use  of small c r a t e r s  and r i d g e s  f o r  provid ing  
n a t u r a l  shadowing from t h e  a s c e n t  plume. 
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